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· DW SK\VLFDO SURWRW\SH YV· DW ODERUDWRU\
VSHFLPHQDVLWLVFRQILUPHGE\UHSUHVHQWLQJWKHUHVXOWVLQWHUPVRIGHJUHHRIVDWXUDWLRQLQVWHDGRIYROXPHWULFZDWHU
FRQWHQWKHUHQRWVKRZQIRUEUHYLW\$QHVWLPDWLRQRIK\GUDXOLFFRQGXFWLYLW\DWWKHLQVWDQWVRIUDLQIDOODSSOLFDWLRQ
GXULQJHDFKWHVWZDVREWDLQHGDV
Y
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L
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ZKHUH3LVIL[HGIRUHDFKWHVW5RIILVPHDVXUHGDQGLYLVHVWLPDWHGIURPPDWULFVXFWLRQGDWDPHDVXUHGDORQJWKHFHQWUDO
VHFWLRQE0DWULFVXFWLRQYDOXHVXVHGLQHTWRFDOFXODWHLYDUHWKHDYHUDJHRIWKHPHDVXUHPHQWVFROOHFWHGMXVWEHIRUH
DQGDWWKHEHJLQQLQJRIHDFKUDLQIDOOLQWHUYDO7KHYDOXHVRIK\GUDXOLFFRQGXFWLYLW\FDOFXODWHGIRUDOOUDLQIDOOVHTXHQFHV
DSSOLHGGXULQJWKHWHVWV$%&'DUHUHSRUWHGLQ)LJXUHDVIXQFWLRQRIWKHPHDQYDOXHVRIWKHYROXPHWULFZDWHU
FRQWHQWPHDVXUHPHQWVFROOHFWHGMXVWEHIRUHDQGDWWKHEHJLQQLQJRIHDFKUDLQIDOOLQWHUYDO7KHYDOXHVGHWHUPLQHGDW
PHGLXPVFDOHFRYHURQO\DQDUURZUDQJHRIYROXPHWULFZDWHUFRQWHQWYDOXHVVSDQQLQJIURPWREXWLWLVZRUWK
WRQRWLQJWKDWWKHVHYDOXHVDUHDOZD\VKLJKHURIDWOHDVWRQHRUGHURIPDJQLWXGHWKDQWKRVHSUHGLFWHGE\WKHK\GUDXOLF
SHUPHDELOLW\IXQFWLRQVGHWHUPLQHGRQVPDOOVFDOHVRLOVSHFLPHQV
7DEOH7HVWVRQSK\VLFDOSURWRW\SH
QWHVWQ T  V UDLQIDOOGXUDWLRQQRILQWHUYDO
N3DPPPLQ
$
%
&
'
0RQLWRULQJRIVXFWLRQDQGYROXPHWULFZDWHUFRQWHQWDWWKHWHVWLQJVLWH
7KHWHVWVLWHLVVLWXDWHGDERXWNPQRUWKHDVWRIWKH6RPPD9HVXYLXVYROFDQRWKHOLPHVWRQHPDVVLILVFRYHUHGE\
DS\URFODVWLFXQVDWXUDWHGVRLOEODQNHWVHYHUDOPHWHUVWKLFNFRQVWLWXWHGE\DVHULHVRIHUXSWLRQVRI6RPPD9HVXYLXV
>   @7KH WHVW VLWHZDVPRQLWRUHG IURP WR7KHPRQLWRULQJ HTXLSPHQW FRQVLVWHGRI L 
WUDGLWLRQDO YDFXXP WHQVLRPHWHUV LH MHWILOO WHQVLRPHWHUV 6RLO0RLVWXUH (TXLSPHQW &RUS DQG 606 6RLO
0HDVXUHPHQWV\VWHPWHQVLRPHWHUWXEHV6'(&)UDQFHLL7'57LPH'RPDLQ5HIOHFWRPHWU\SUREHVFP
ORQJLLL&DVDJUDQGHSLH]RPHWHUVLYRQHZHDWKHUVWDWLRQ)LJF+RZHYHUUHDGHUVFDQUHIHUWR>@IRUIXUWKHU
GHWDLOHG LQIRUPDWLRQ DERXW WKH LQVWUXPHQWHG DUHD+HUH SDLUV RI ZDWHU FRQWHQW DQGPDWULF VXFWLRQPHDVXUHPHQWV
FROOHFWHGDWPGHSWKIURPVRLOVXUIDFHWRSVRLOLQWZRYHUWLFDOSURILOHVLQVWUXPHQWHGDORQJWKHFHQWUDOVHFWLRQ%
%¶RYHU WKUHH\HDUVDUH UHSRUWHG LQ)LJXUH3DWKVE\ WKHGDWDFROOHFWHG LQVLWXDOZD\V OLHEHORZWKHPDLQGU\LQJ
UHWHQWLRQFXUYHVREWDLQHGRQVRLOVSHFLPHQVDQGLGHQWLI\DVHULHVRIQDUURZK\VWHUHVLVORRSV7KHSURFHGXUHWRHVWLPDWH
WKHK\GUDXOLFFRQGXFWLYLW\IXQFWLRQH[SORLWVWKHLQVLWXPHDVXUHPHQWVRIYROXPHWULFZDWHUFRQWHQWDQGPDWULFVXFWLRQ
FROOHFWHGGXULQJDXWXPQDQGXVHVWKHDVVHVVPHQWRIVRLOZDWHUEDODQFH6:%%\DVVXPLQJWKHPRQLWRUHGVHFWLRQRI
VORSHDVLQILQLWHWKH6:%FDQEHDSSOLHGWRWKHRQHGLPHQVLRQDOVLPSOLILHGVRLOSURILOHFRPSULVLQJDOOWKHVRLOOD\HUV
DORQJWKHGLUHFWLRQQRUPDOWRWKHVORSHVXUIDFH)URP2FWREHUWR'HFHPEHUWKHDPRXQW4WRSMRIZDWHUIORZLQJQRUPDO
WR WKHVORSHVXUIDFHDFURVV WKH WRSERXQGDU\RI WKH VXSHUILFLDODVK OD\HUDORQJ WKH MWKYHUWLFDOVHFWLRQ LQ WKH WLPH
LQWHUYDOIURPWWRWǻWFDQEHFDOFXODWHGDVWKHYROXPHRIZDWHUQHHGHGWRVXSSO\WKHZDWHUVWRUDJHLQWKHZKROHVRLO
FRYHUGXULQJWKHWLPHLQWHUYDOǻWDVLW LVH[SODLQHGLQGHWDLOV LQ>@7KXV WKHPHDQYDOXHRIWKHFXUUHQWK\GUDXOLF
FRQGXFWLYLW\IRUWKHWRSVRLOOD\HUDWWKHMWKYHUWLFDOVHFWLRQGXULQJWKHWLPHLQWHUYDOIURPWWRWǻWFDQEHHVWLPDWHG
IURPPHDVXUHPHQWVRIYROXPHWULFZDWHUFRQWHQWDV
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ZKHUHLQWRSMLVWKHFRPSRQHQWQRUPDOWRWKHVORSHRIKHDGJUDGLHQWHVWLPDWHGE\PDWULFVXFWLRQPHDVXUHPHQWVDYDLODEOH
DWDQGPGHSWKIURPWKHVRLOVXUIDFH0HDQYDOXHVRIK\GUDXOLFFRQGXFWLYLW\ZHUHFDOFXODWHGIRUHDFKYHUWLFDO
SURILOHDQGIRUHDFKVDPSOLQJGD\EHWZHHQ2FWREHUDQG'HFHPEHUWKHFDOFXODWHGYDOXHVRINNMDUHSORWWHGLQ)LJXUH
EODFNILOOHGV\PEROVDJDLQVWWKHFRUUHVSRQGLQJPHDQYROXPHWULFZDWHUFRQWHQW7KHYDOXHVRIXQVDWXUDWHGK\GUDXOLF
FRQGXFWLYLW\ HVWLPDWHG IURP LQ VLWX PHDVXUHPHQWV OLH DERYH WKH K\GUDXOLF FRQGXFWLYLW\ FXUYH GHWHUPLQHG LQ WKH
ODERUDWRU\OLNHO\GXHWRDSRRUUHSUHVHQWDWLYHQHVVRIWKHVRLOODERUDWRU\VDPSOH1HYHUWKHOHVVWKHGDWDIURPLQVLWX
PHDVXUHPHQWV DSSHDU WR IROORZ WKH VDPH VKDSH DV WKH FRQGXFWLYLW\ IXQFWLRQVGHWHUPLQHG LQ WKH ODERUDWRU\ DOEHLW
VLPSO\ VKLIWHG WRZDUGV KLJKHU K\GUDXOLF FRQGXFWLYLW\ YDOXHV 6RPH GLUHFW PHDVXUHPHQWV RI VDWXUDWHG K\GUDXOLF
FRQGXFWLYLW\REWDLQHGLQVLWXYLDGRXEOHULQJLQILOWURPHWHUWHVWVFRQILUPWKDWWKHVDWXUDWHGK\GUDXOLFFRQGXFWLYLW\LV
KLJKHULQVLWXWKDQLQODERUDWRU\EODFNFLUFOHVLQ)LJ

 
)LJ7RSVRLOOD\HURI0RQWHIRUWH,USLQRVLWHLZDWHUUHWHQWLRQFXUYHVGHWHUPLQHGDORQJGU\LQJSDWKV>@SDWKVGHVFULEHGE\PDWULFVXFWLRQDQG
YROXPHWULFZDWHUFRQWHQWPHDVXUHGLLDWVLWHDWWKHVDPHGHSWKDORQJWKUHH>@LLLGXULQJLQILOWUDWLRQWHVWVRQWKHSK\VLFDOSURWRW\SH
'LVFXVVLRQDQG&RQFOXVLRQ
$VUHJDUGVVRLOZDWHUUHWHQWLRQEHKDYLRXUWKHSDWKVLGHQWLILHGIURPERWKLQVLWXPRQLWRULQJDQGSK\VLFDOSURWRW\SH
WHVWLQJKDYHWREHFRQVLGHUHGDVVHFRQGDU\ZHWWLQJEUDQFKHVWKDWHQWDLORSHQK\VWHUHWLFORRSVDVDPDWWHURIIDFWD
IUDFWLRQRI VRLOSRUHV UHPDLQHGRFFXSLHGE\HQWUDSSHGDLUKDYLQJQRSRVVLELOLW\ WRHVFDSH WKURXJK WKHVRLO VXUIDFH
EHFDXVHLQERWKFDVHVWKHZHWWLQJSURFHVVHVRFFXUUHGIURPWKHWRSVXUIDFHUDLQIDOODQGDUWLILFLDOUDLQIDOOUHVSHFWLYHO\
+RZHYHUWKHSDWKIURPWKHSK\VLFDOSURWRW\SHDUHVKLIWHGWRZDUGVORZHUVXFWLRQYDOXHGXHWRZHWWHULQLWLDOFRQGLWLRQV
WKDQ WKRVHRFFXUULQJDW VLWH7KHPD[LPXPYDOXHVRI WKH VDWXUDWLRQGHJUHH UHDFKHGGXULQJ WKH LQILOWUDWLRQ WHVWV LQ
FRUUHVSRQGHQFHRIQHDUO\QXOOPDWULF VXFWLRQYDOXHVVSDQQHGEHWZHHQDQG>@7KHREVHUYHGGLIIHUHQFH
EHWZHHQWKHUHVXOWVLQWKHZDWHUUHWHQWLRQSODQHFDQEHDWWULEXWHGWRDVPDOOH[WHQWWRWKHYDULDWLRQRIWKHSRURVLW\DQG
KHQFHILHOGDQGODEFXUYHVPD\EHFRQVLGHUHGDVSDUWRIVLPLODUK\VWHUHVLVORRSVZKLFKGLIIHUDFFRUGLQJWRZHWWLQJ
SURFHGXUHDQGKLVWRU\RIZHWWLQJDQGGU\LQJ7KHUHIRUHVFDQQLQJSDWKVRFFXUULQJDWVLWHGXULQJZHWWLQJGU\LQJF\FOHV
ZHUHTXLWHDFFXUDWHO\UHSURGXFHGLQWRSK\VLFDOSURWRW\SHE\PHDQVRILQILOWUDWLRQHYDSRUDWLRQWHVWV5HJDUGLQJWKH
K\GUDXOLFFRQGXFWLYLW\IXQFWLRQWKHYDOXHVHVWLPDWHGDWVLWHOLHDERYHWKHK\GUDXOLFFRQGXFWLYLW\FXUYHGHWHUPLQHGLQ
WKHODERUDWRU\6LQFHWKHK\GUDXOLFFRQGXFWLYLW\YHUVXVYROXPHWULFZDWHUFRQWHQWIXQFWLRQGRHVQRWH[KLELWDK\VWHUHWLF
EHKDYLRXU KLJKHU FRQGXFWLYLW\ DW VLWH DUH OLNHO\ GXH WR D SRRU UHSUHVHQWDWLYHQHVV RI WKH VRLO ODERUDWRU\ VDPSOH
1HYHUWKHOHVV WKH GDWD IURP LQVLWXPHDVXUHPHQWV DSSHDU WR IROORZ WKH VDPH VKDSH DV WKH FRQGXFWLYLW\ IXQFWLRQV
GHWHUPLQHGLQWKHODERUDWRU\DOEHLWVLPSO\VKLIWHGWRZDUGVKLJKHUK\GUDXOLFVDWXUDWHGFRQGXFWLYLW\YDOXHV7KHUHIRUH
UHDVRQDEOHK\GUDXOLFFRQGXFWLYLW\IXQFWLRQRSHUDWLYHDWWKHVLWHFDQEHREWDLQHGWKURXJKWKH0XDOHP±YDQ*HQXFKWHQ
PRGHO>@ZLWKDVDWXUDWHGK\GUDXOLFFRQGXFWLYLW\PHDVXUHGDWVLWHDQGWKHVKDSHSDUDPHWHUVIL[HGDWWKHPHDQYDOXHV
REWDLQHGIURPWKHODERUDWRU\HYDSRUDWLRQWHVWV2QWKHRWKHUKDQGK\GUDXOLFFRQGXFWLYLWLHVHVWLPDWHGRQWKHEDVLVRI
SK\VLFDOSURWRW\SHWHVWLQJVHHPVWREHLQJRRGDJUHHPHQWZLWKWKRVHEDVHGRQLQVLWXPRQLWRULQJUHVXOWV
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)LJ+\GUDXOLFFRQGXFWLYLW\RIWKHWRSVRLOOD\HURIWKH0RQWHIRUWH,USLQRVLWHLVDWXUDWHGK\GUDXOLFFRQGXFWLYLW\PHDVXUHGLQODEHPSW\JUH\
FLUFOHLLFXUYHVGHWHUPLQHGDORQJHYDSRUDWLRQODEWHVWV>@JUH\OLQHLLLVDWXUDWHGK\GUDXOLFFRQGXFWLYLW\PHDVXUHGDWVLWHILOOEODFNFLUFOH
LYYDOXHVHVWLPDWHGE\LQWHUSUHWLQJLQVLWXPRQLWRULQJFLUFOHWULDQJOHVTXDUH>@YPHDVXUHPHQWVLQSK\VLFDOSURWRW\SHFURVV
7KLV VLPSOLILHG DSSURDFKSRWHQWLDOO\ DOORZV WR UHGXFH WKH QXPEHURI LQ VLWXPHDVXUHPHQWV KRZHYHU K\GUDXOLF
FRQGXFWLYLWLHV GHWHUPLQHG GXULQJ LQILOWUDWLRQ WHVWV RQ SK\VLFDO SURWRW\SH PD\ EH XVHIXO WR FKHFN WKH K\GUDXOLF
FRQGXFWLYLW\ GHULYHG LQ VXFK D ZD\ 6XPPLQJ XS WKH SDSHU SURYLGHV L VRPH LQIRUPDWLRQ DERXW WKH K\GUDXOLF
EHKDYLRXURIW\SLFDOS\URFODVWLFVRLOUHFRJQL]HGLQ&DPSDQLDUHJLRQLLUHFRPPHQGDWLRQDERXWWKHVFDOHVL]HWRDGRSW
IRUDSURSHUDQGQRWLPHFRQVXPLQJ LQYHVWLJDWLRQRI WKHK\GUDXOLFXQVDWXUDWHG VRLOSURSHUWLHV7KH ODWWHURQHVDUH
KHOSIXOWRFRPSUHKHQGDQGVROYHWKHPRVWSDUWRIWKHJHRWHFKQLFDOHQJLQHHULQJLVVXHVGHDOLQJZLWKVRLOVLQSDUWLDOO\
VDWXUDWHGFRQGLWLRQV,QSDUWLFXODULWVHHPVWKDWWKHODEVSHFLPHQVL]HUHVXOWVWREHDGHTXDWHWRLQYHVWLJDWHVRLOZDWHU
UHWHQWLRQSURSHUWLHVEXWXQVXLWDEOHWRLGHQWLI\K\GUDXOLFFRQGXFWLYLW\IXQFWLRQKRZHYHUWKHSK\VLFDOSURWRW\SHVL]H
VHHPVWREHDFFHSWDEOHIRUERWKGHWHUPLQDWLRQV
5HIHUHQFHV
>@*9&LROODUR9&RPHJQD&5XJJLHUR&RPSDULVRQEHWZHHQILHOGDQGODERUDWRU\PHWKRGVIRUPHDVXULQJVRLOK\GURORJLFDOFKDUDFWHULVWLFV
5LY,UULJ'UHQ
>@*%3DLJH'+LOOHO&RPSDULVRQRIWKUHHPHWKRGVIRUDVVHVVLQJVRLOK\GUDXOLFSURSHUWLHV6RLO6FL
>@03LURQH53DSD091LFRWHUD*8UFLXROL6RLOZDWHUEDODQFHLQDQXQVDWXUDWHGS\URFODVWLFVORSHIRUHYDOXDWLRQRIVRLOK\GUDXOLFEHKDYLRXU
DQGERXQGDU\FRQGLWLRQV-RXUQDORI+\GURORJ\
>@$%DVLOH*&LROODUR$&RSSROD+\VWHUHVLVLQVRLOZDWHUFKDUDFWHULVWLFVDVDNH\WRLQWHUSUHWLQJFRPSDULVRQRIODERUDWRU\DQGILHOGPHDVXUHG
K\GUDXOLFSURSHUWLHV:DWHU5HVRXUFHV5HVHDUFK
>@$%DVLOH$&RSSROD5'H0DVFHOOLV/5DQGD]]R6FDOLQJDSSURDFKWRGHGXFHILHOGXQVDWXUDWHGK\GUDXOLFSURSHUWLHVDQGEHKDYLRXUIURP
ODERUDWRULPHDVXUHPHQWVRQVPDOOFRUHV9DGRVH=RQH-RXUQDO
>@03LURQH53DSD091LFRWHUD*8UFLXROL,QVLWXPRQLWRULQJRIWKHJURXQGZDWHUILHOGLQDQXQVDWXUDWHGS\URFODVWLFVORSHIRUVORSHVWDELOLW\
HYDOXDWLRQ/DQGVOLGHV±
>@091LFRWHUD53DSD*8UFLXROL$QH[SHULPHQWDO WHFKQLTXHIRUGHWHUPLQLQJWKHK\GUDXOLFSURSHUWLHVRIXQVDWXUDWHGS\URFODVWLFVRLOV
*HRWHFKQLFDO7HVWLQJ-RXUQDO
>@('DPLDQR/2OLYDUHV/3LFDUHOOL6WHHSVORSHPRQLWRULQJLQXQVDWXUDWHGS\URFODVWLFVRLOV(QJLQHHULQJ*HRORJ\±±
>@ - âLPĤQHN 0 7K YDQ *HQXFKWHQ0 âHMQD+<'5860RGHO XVH FDOLEUDWLRQ DQG YDOLGDWLRQ 6SHFLDO LVVXH RQ 6WDQGDUG(QJLQHHULQJ
3URFHGXUHVIRU0RGHO&DOLEUDWLRQDQG9DOLGDWLRQ7UDQVDFWLRQVRIWKH$6$%(
>@*'L&UHVFHQ]R$6DQWR'HEULVVOLGHV²UDSLGHDUWKIORZVLQWKHFDUERQDWHPDVVLIVRIWKH&DPSDQLDUHJLRQVRXWKHUQ,WDO\PRUSKRORJLFDO
DQGPRUSKRPHWULFGDWDIRUHYDOXDWLQJWULJJHULQJVXVFHSWLELOLW\*HRPRUSKRORJ\±
>@53DSD03LURQH091LFRWHUD*8UFLXROL6HDVRQDOJURXQGZDWHUUHJLPHLQDQXQVDWXUDWHGS\URFODVWLFVORSH*HRWHFKQLTXH

>@091LFRWHUD5 3DSD*8UFLXROL 7KH K\GURPHFKDQLFDO EHKDYLRXU RI XQVDWXUDWHGS\URFODVWLF VRLOV$Q H[SHULPHQWDO LQYHVWLJDWLRQ
(QJLQHHULQJ*HRORJ\
>@07K9DQ*HQXFKWHQ$FORVHGIRUPHTXDWLRQIRUSUHGLFWLQJWKHK\GUDXOLFFRQGXFWLYLW\RIXQVDWXUDWHGVRLOV6RLO6FL6RF$P-

>@03LURQH53DSD091LFRWHUD*8UFLXROL+\GURPHFKDQLFDODQDO\VLVRIDQXQVDWXUDWHGS\URFODVWLFVORSHEDVHGRQPRQLWRULQJGDWD,Q
/ROOLQR**LRUGDQ'&URVWD*%&RURPLQDV-$]]DP5:DVRZVNL-6FLDUUD1(GV(QJLQHHULQJ*HRORJ\DQG7HUULWRU\YRO
±
(
(
(
(
(
(
(
(
(
(
    
YROXPHWULFZDWHUFRQWHQW
K\
GUD
XOL
FF
RQ
GX
FWL
YLW
\
P
V
(VWLPDWLRQ IURPLQVLWXGDWD
$WSK\VLFDO SURWRW\SH 
,QYHUVHDQDO\VLV E\+\GUXV '
$WVLWH
7HVW$
7HVW'7HVW%
7HVW&
$WODERUDWRU\
0HDVXUHPHQWV RIK\GUDXOLF
6DWXUDWHG FRQGXFWLYLW\
0HDVXUHPHQWV RIK\GUDXOLF
VDWXUDWHG FRQGXFWLYLW\
ODUJHVFDOH
PHGLXPVFDOH
VPDOOVFDOH
,QWHUYDO RIYROXPHWULF ZDWHUFRQWHQW LQYHVWLJDWHG DW

